Whole transcriptome sequencing by mRNA-Seq is now used extensively to perform global gene expression, mutation, allele-specific expression and other genome-wide analyses. mRNA-Seq even opens the gate for gene expression analysis of non-sequenced genomes. mRNA-Seq offers high sensitivity, a large dynamic range and allows measurement of transcript copy numbers in a sample. Illumina's genome analyzer performs sequencing of a large number (> 10 7 ) of relatively short sequence reads (< 150 bp).The "paired end" approach, wherein a single long read is sequenced at both its ends, allows for tracking alternate splice junctions, insertions and deletions, and is useful for de novo transcriptome assembly.
cDNA synthesis
First strand synthesis for single read library:
1. In a PCR tube, add the following:
• Fragmented Poly-A mRNA -10 μl • NotI Random nonamer Primer -1 μl Incubate at 70 °C for 5 minutes in thermocycler, and quick chill on ice. NotI Nonamer Primer (5'-TGAATTCGCGGCCGCTCAAGCAGAAGACGGCATACGAGCTCTTCCGATCT NNNNNNNNN -3'). The 5' proximal sequence is the NotI restriction site while the next sequence until the random region is the reverse complement of Illumina's adaptor B sequence from Chip-Seq kit.
2. To the above, add the following on ice (from SuperScript III kit):
• 5X first strand buffer -4 μl • DTT -2 μl • dNTP mixture * -1.5 μl Put on thermocycler for 2 minutes at 42°C, add 1 μl of SuperScript III reverse transcriptase, and incubate at 42 °C for 1hr.
*Instead of dCTP, 5-methyl dCTP was used in the dNTP mixture.
First strand synthesis for paired end library:
• Fragmented Poly-A mRNA -10 μl For paired end library:
End repair
1. Prepare the following reaction mix:
• DNA sample -32 μl • Klenow buffer -5 μl • dATP -10 μl • Klenow exo -3 μl
Incubate for 30 minutes at 37 °C.
cDNA clean up
1. Clean up cDNA using zymo columns. Elute in 10 μl of EB.
Adapter ligation
For single read library:
(Use Illumina Chip-Seq sample prep kit)
• DNA sample -10 μl 
Ligation reaction clean up
1. Clean up the ligation reaction using zymo columns. Elute in 44 μl of water for single read library and 6 μl of EB followed by another elution in 5 μl of EB for paired end library.
Perform a NotI digestion, ONLY for single read library
• cDNA -44 μl • NEB buffer 3 -5 μl • BSA -0.5 μl • NotI -1 μl
Incubate for 2 hr to overnight at 37 °C, and purify reaction using zymo column. Elute with 6 μl of buffer EB followed by a second elution with 5 μl of EB.
Size selection/Gel purification
Perform the following using a 2% Sybr Safe E-Gel from Invitrogen.
PCR For single read library:
1. Prepare the following PCR reaction mix:
• 
For paired end library:
(Use Illumina paired end sample prep kit) 
Data analysis

Representative Results:
We made T7LA libraries for both single read and paired end runs from 1 μg, 100 μg, 10 μg, 1 μg and 100 pg starting total RNA (Figure 1 ). For evaluation of our protocol, we made single read and paired end libraries without T7 RNA amplification starting from 10 μg total RNA These control libraries, termed "MinAmp", have minimal amplification. The only amplification they undergo are the 10 cycles of PCR near the end of the protocol to ligate the Illumina sequencing adapters, a step common to all libraries. All RNA used were isolated from H14 human embryonic stem cells 8 .
We first evaluated the number of genes identified by the various libraries (Table 1 and Supplementary Table 1 ). For both single read and paired end libraries, the 10 ng T7LA libraries identified almost the same number of genes as the 10 μg MinAmp libraries, with a TPM of 10 or more.
In the case of the single read libraries, the 10 ng T7LA library identified 100% of the 8500 genes identified by the 10 μg unamplified library. For paired end libraries, the 10 ng T7LA library identified 86% of genes identified by the 10 μg unamplified library (7961 of 9267 genes). Libraries made from less than 10 ng were not able to identify as many genes. For example, in the single read protocol, the 1 ng library identified onlỹ 50% of the genes identified by the 10 μg MinAmp library, prompting us to limit the lowest amount of total RNA for use with the T7LA protocol to 10 ng. Moreover, mapping of a housekeeping gene, GAPDH ( We also compared the two single read and paired end libraries made from 10 ng total RNA and they had a very high correlation coefficient (R = 0.92), demonstrating that both types of libraries made using the T7LA protocol produce a very similar gene expression signature (Figure 3c.) . Hence, the T7LA method is able to produce sequencing libraries that are as reliable and comprehensive as the MinAmp libraries, but from 1000-fold less starting material.
° R1 and R2 are forward and reverse sequences of a tag * ≥10 TPM 
Discussion
Current protocols for making paired end libraries require between 1 μg 9 to 2.5 μg 10 starting amount of total RNA. Here we present our linear T7 amplification based (T7LA) method to prepare both single read and paired end Illumina sequencing libraries and show that this method allows generation of libraries from as low as 10 ng of total RNA, producing data that is comparable to that of minimally amplified (MinAmp) libraries made from 1000 fold more starting material (10 μg total RNA). The 10 ng libraries not only identify similar total numbers of genes, but also produce gene expression signatures that are similar (Figures 3a and b) . Moreover, both the single read and paired end libraries produced by the T7LA method are very similar to each other (Figure 3c ), which allows researchers to compare data generated by libraries made from either protocol. Since these libraries were prepared from human embryonic stem cell RNA, we searched for 30 stem cell specific genes among the libraries and find that almost all of these genes (93-100%) are identified by the libraries made from at least 10 ng of starting total RNA (Figure 4 ), thus validating our protocol. We believe our protocol would be very useful for researchers, especially in circumstances such as flow sorted cells or laser-micro-dissected tissue where starting material is limiting. In such circumstances, our protocol would allow generation of gene expression data comparable to libraries made from much larger starting quantities since our protocol produces expression profiles comparable across at least 3 orders of magnitude of starting RNA.
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